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Design Summary

Product Stored: Spent Activated Carbon (Design for Both Liquid Slurry & Dry Granular Material)
Specific Gravity: 1.50

Max Temperature:  150° F

Design Pressure: Atmospheric

Design Codes: 1) API 650 11th Edition
2) IBC 2012 for Seismic
Wind Design: Vessel is indoors; wind is not considered
Seismic Design: IBC 2012: Sg =0.23g, S; = 0.15q, I, = 1.5, Site Class D
Description

This vessel is a double-wall inverted pyramid hopper for use inside a water treatment plant near Parker, Arizona.
Product is spent activated carbon granular material (both liquid slurry and dry granular material). Material used for
the tank construction is SS304 stainless steel except for the inner shell in contact with product which is SS316.
Inner shell is separated from outer shell by (12) evenly spaced bent plate channel spacers @ 1 1/2" tall. These
spacers are attached to inside of outer shell. Inner shell is 3/8" thick SS316 plate, and outer shell is 1/4" SS304
plate.

Design Criteria
Specific gravity of product is provided by customer at 1.50 (conservative). Tank is designed for atmospheric

pressure (no internal pressure or vacuum) and ambient temperature. Design codes used for this tank are APl 650
and IBC 2012. There are no American codes that specifically address all components of hoppers, so other codes
& design procedures will be used as appropriate. Allowable steel stresses are taken per APl 650. Wind and
seismic loads are calculated both per IBC 2012, and load combinations are taken per IBC 2012. Seismic design
values above are from USGS website for Parker, AZ.

Design Methodology

The Inner tank shell is the normal pressure boundary; the outer tank is used for leak containment. Under normal
loading, inner shell transfers loads to the outer shell at discreet locations of spacers. In event of leak in inner shell,
space between the two shells may fill up, subjecting the outer shell to uniform product pressure. This full product
pressure could only be developed for liquid slurry condition, but 5' head on dry product will conservatively be
considered for design of both the inner and outer shell. Vessel is supported at a stiffened rectangular compression
bar (base plate) at top of vault walls, and vessel is anchored to tops of these walls.

Vessel is replacing an similar existing hopper at same location. Vessel is supported on (3) walls of a concrete
vault, and by an HSS8x8 along one (short) side. Existing anchor bolts are corroded and will be cut off and not
reused. New epoxy anchors will be installed in existing concrete walls and welded to existing HSS tube. Check of
existing concrete vault is beyond the scope of these calcs, but it should be adequate as hopper is being replaced in
kind. For lateral load calculations, it is assumed that tank is a pendulum-type structure rigidly supported at anchor
plates. For seismic OTM calculations, product head above the anchor bolt circle is conservatively ignored.
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Design Criteria & Sketch

Product Stored:
Specific Gravity:
Max Temperature:

Min Design Metal Temp:
Design Pressure:
Corrosion Allowance:
Design Codes:

Seismic Design:

Wind Design:

8'-3" short side x 14'-2" long side

Spent Activated Carbon (Design for Both Liquid Slurry & Dry Granular Material)
1.50
150° F
-20° F
0 psig
0in

1) API 650 11th Ed.

2) IBC 2012 for Wind & Seismic

S =0.23¢g, S; = 0.15¢g, F, =1.60, F, = 2.40, |, = 1.5, Site Class D
Seismic Design Category B

Not Required

(atmospheric)

3/8" gusset plates

-

(@ 18" max
3/8"x 12.625" vertical spacing)

plate (all around)
3/4" x 9" bolting

/base plate (all

. around)

-‘ Existing vault support

(all around)

1.5" space between 3/8"
SS316 inner shell & 1/4"
SS304 outer shell

Bottom nozzle —/

7/
7/
.
\ /
‘o [ S/ \
T T 1 7/

L7x4x3/8 bent plate angle
(SS304, all around)

\

1/4"x1.5"x3" bent plate channel spacer (SS304,
2 on short sides; 4 on long sides, evenly
spaced, welded to 1/4" outer shell)

L5x3x1/4 bent plate angle
(SS304, all around)

Weights: Empty Vessel = Weppy = 7.5k

Product in tank (full to grating level) = 25.3 k

Tank + operating product = Wy, = 32.8 k

5" head of dry product above top of grating = 54.7 k
Tank + operating product + head = Wy, = 87.5 k
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IBC 2012 Seismic Design Loads

IBC 2012 Seismic Design Loads: (ref ASCE 7-10 Sections 13 & 15)

Governing Seismic Design Acceleration:

Horizontal: A = (0.4a,Spslp)[1+2(z/)IIR, = 0.059 g (Eq 13.3-1)
or, A;=0.3Spgle = 0.110g GOVERNS (Eq 15.4-5)
Where: Sps = (213)F,S, = 0.245
Fa= 1.600
Ss = 0.230
a, = 1.0
Ry = 2.5 (per ASCE 7-10, Table 13.6-1)
le=1p= 1.50
Vertical: A, =0.25pgl, = 0.074 g
Base Shear: (ref ASCE 7-10 Eq. 12.8-1)
Vessel full: Ve = AWy = 9.66 k GOVERNS
Where: Design acceleration = A;=C, = 0.110 g
Wi = 87.50 k
Vessel empty: Vs empty = AWempty = 0.83 k
Wempty = 7.50 k
Overturning Moments (at anchor plate level):
Vessel full: Mg.tut = (Vesu) (CGrp) = 16.91 ft-k GOVERNS
Where: CGyy = 1.75 ft (below top of vault / anchor plate)
Vessel empty: Ms-empty = (Vs-empty) (CGempty) = 1.45 ft-k
Where: CGgppy = 1.75 ft

Resisting Moments (at anchor plate level, conserv. ignore product head above grating):
Vessel full: Miesist = (0.6)(Wi11)(8.25/2) = 81.18 ft-k

Vessel empty: Mresist = (0.6)(Wempty)(8.25/2) = 18.56 ft-k

(Since OTM < resisting moment, hopper is stable for seismic overturning)
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Hopper Details
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Hopper Details, cont.

.a'l
W Creansmte Seacess ] 11 Ss3oy

FTIEFE T Al
_—7‘.0':?#'{1-3 B et TR Tof,
LErFur v BEFTE Bory oy,
53 ey

w-a"

EXSTIHD
//\m:r

:r-::*- BY OTHERS
L
SIDE VIEW
|— 0 B — . — 01—

i -"""‘""\.._‘_‘-

____..--""' ‘H""'l-.,_ I
DETAIL —A-— DETAIL =—C-—

PL

X

]
)
;f
]

S

u
Rirave

B 57 v er e STU3
Lot and
B eaE)

e
T GAATIMG
| Yo ST

12 B

I1‘+'
| | Z f
3} —

EXISTING TS 8" X &
|
oL bl bl Tl
SPACER TR

-
DETAIL —B-—




For: Evoqua Water Technologies Hopper H1 (270 cu ft Capacity)

Parker, Arizona Location: Parker, Arizona
By: John F. Bradley, S.E. Design of Vessel & Supports
October 3, 2014 Sheet 8

Hopper Details, cont.

.--"'_'-_"'--..1

. \\
/ \ ETY
ShaLEe
. UTRASHEL
—i 0 |— —— /l:

S
J’/ﬁ
11.\

] e SR e
Tye iL Poaces)
soa oo, 0 s [ :
I'.'t.-#.HL.I..WEua;I
spE ® X 5///'//';. S0E B
f X T
CUTER SHElw
[Top Yiews)
/'/' “‘\
Vi
BIDE &
L 1
L 18 A
e S L Faiin 3y BEar R (55304)
SOINT_DETAS, (/_\\ o A pa

TrRCAL

{ah Coamed -

T - Lo furet
WE Lp

¢/ P J.':Ti?.: Y
“\\m—# / &[iiinf'-ﬁ

DL B e e

SIE A

-y

DUTER SHELL
(BoTron U-E---ﬂ].




For: Evoqua Water Technologies
Parker, Arizona

By: John F. Bradley, S.E.
October 3, 2014

Hopper H1 (270 cu ft Capacity)
Location: Parker, Arizona
Design of Vessel & Supports
Sheet 9

Hopper Details, cont.
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Design Hopper Components

Spacing of C3x1.5x1/4 Spacers Between Inner & Outer Walls
e Spacers are welded to 1/4" outer shell with min weld shown below
e Support spacing for 1/4" outer wall governs over 3/8" thick inner hopper wall
e Consider granular material with 5" head as governing condition for these checks
Check plate midway down hopper wall:
Max allowable stiffener spacing:

L = (54000t%/p)*? = 30.3 in
Where: t = 0.25 in
p= 3.68 psi
Max actual stiffener spacing = 17 in < Allowable, OK

Check midway between upper horz stiffener and grating:
Max allowable stiffener spacing:

Ls = (54000t%/p)*? = 35.0 in
Where: t = 0.25 in
p= 2.76 psi
Max actual stiffener spacing = 29.3in < Allowable, OK

Check C3x1.5x1/4 Stiffeners/Spacers Between Inner & Outer Walls
Short side of hopper

1/4" Bent plate channel,—

Check stiffener midway down hopper wall:
fb); M/S = PP 9845 psi 1.5" legs x 3" tall \
Where: M = wL?/8 = 12110 in-lbs 1/4 [\ 3-6
w= 60.7 pli Wl |
L= 40.0 in
S= 1.23 in®
F, = (0.7)(22,500 psi) = 15750 psi > Actual, OK
Check midway between upper horz stiffener and grating:
f, = MIS = 12978 psi 1/4" SS304 —
Where: M = wL?/8 = 15963 in-lbs outer shell
W= 80.0 pli Channel Spacer Details
L= 40.0 in
S= 1.23 in®
Fy = (0.7)(22,500 psi) = 15750 psi > Actual, OK

Long side of hopper
Check stiffener midway down hopper wall:

f, = MIS = 7053 psi
Where: M = wL/8 = 8675 in-lbs
w = 62.5 pli
L= 33.31in
S= 1.23 in®
Fy = (0.7)(22,500 psi) = 15750 psi > Actual, OK
Check midway between upper horz stiffener and grating:
f,=M/S = 9088 psi
Where: M = wL?/8 = 11178 in-lbs
w= 80.5 pli
L= 33.3in
S= 1.23 in®

F, = (0.7)(22,500 psi) = 15750 psi > Actual, OK
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Check Hopper Components, cont.

Angle Stiffeners on Outside of Exterior Shell
Upper stiffener (governing condition is long side)

f, = M/S = 15587 psi Angle Stiffener—, outer shell
Where: M =wL?8 = 199508 in-lbs (see S|z§;ht8
w= 107.2 pli
L= 122.0 in
Try L7x4x3/8 welded to 1/4" shell, S = 12.8 in®
F, = (0.7)(22,500 psi) = 15750 psi > Actual, OK
Lower stiffener (governing condition is long side)
Where: M=wL%8 = 75071 in-lbs 1al/ 36
w = 137.9 pli
L= 66.0 in Exterior_Stiffener Details
Try L5x3x1/4 welded to 1/4" shell, S = 4.96 in’
Fy = (0.7)(22,500 psi) = 15750 psi > Actual, OK
Top Compression Bar
Short side of hopper: f, = M/IS = 8421 psi
Where: M=wL?/8 = 117563 in-lbs
w = 96.0 pli
L= 99.0 in
Try FB 3/4"x 9" welded to 3/8" x 12.625" vert plate, S = 13.96 in®
Fp, = (0.7)(22,500 psi) = 15750 psi > Actual, OK
Long side of hopper: f, =MIS = 14464 psi
Where: M=wL?/8 = 201923 in-lbs
w = 55.9 pli
L= 170.0 in
Try FB 3/4"x 9" welded to 3/8" x 12.625" vert plate, S = 13.96 in®
Fp, = (0.7)(22,500 psi) = 15750 psi > Actual, OK

3/8" x 12.625" Top Vertical Perimeter Plate
Max spacing of gussets for 5' of head pushing outward:
Max allowable gusset spacing:

L = (54000t%/p)*? = 48.3 in

Where: t = 0.375 in

p= 3.25 psi

Max actual stiffener spacing = 18 in (max) < Allowable, OK
Check 18" spacing of gussets for forces due to hopper inner wall pulling inward:
f, = M/S = 13134 psi
Where: M = wL?/8 = 3886 in-lbs

w= 96.0 pli

L= 18.0 in

3/8" x 12.625" tall plate, S = 0.30 in®

F, = (0.7)(22,500 psi) = 15750 psi > Actual, OK

—1/4" SS304
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Check Hopper Components, cont.

Grating Max span of bearing bars = 4,72 ft
Use 1 1/4" x 3/16" Galvanized Stainless Steel Bar Grating (19-W-4)
—» Allowable uniform load = 325 psf > 100 psf v OK
(see attached grating data sheet)

Grating Support Beam

f,=M/S = 10408 psi
Where: M=wL*8= 57867 in-Ibs
w= 47.2 pli
L= 99.0 in
Try W6x9 (or shop fab'd equal), S = 5.56 in®
Fy = (0.7)(22,500 psi) = 15750 psi > Actual, OK

3/8" x 12.625" SS316
perimeter plate

3/8"x 9"x12" gussets at 18"—
max spacing

14 |/

3116 [\

3116 I/ Grating Support

3/8" SS316
inner shell

1/4" SS304
outer shell

3/4" x +/-9" SS304
Perimeter

Anchor/Base Plate 1.5" space

between

Section thru Top Edge of Hopper
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Hopper Grating

Per chart below, 1 1/4 x 3/16 W-19-4 stainless steel grating is OK for up to 325 psf > 100 psf. Y OK

Stainless Steel Grating Load Table

19-4 / 19-2 LOAD TABLE

BEARING BAR i WEIGHT PER 50. FT. (LBS.}
SIZE | 207 | 247 | 307 | 34" | 40T 192 154|152 [ 10-2| n0-2| 74 | 72
Tul 39 257 175| 12| 99
7l L W B e Tk LOADS AND DEFLECTIONS ARE THEORETICAL a0 |48 |49 |57 | 6a|rz|o7 107
vl T 7 ZA00 | Wl PSI LWIT STRESS. | | | Ll
% 3 FOR PEDESTRIAN COMFORT DEFLECTIONS IN | | . il a
3A4X306 | - EXCESS OF 1,/4" ARE NOT RECOMMENDED. 56 )64] 6% 7.0 %2 100145 (16.0
I
ixim P s1)59az2|7.1| 6290|2142
o
. T :
1x3ne |2 7.4 | Ba | oz 102|213 94213
I
M8 |2 64 | 74| 7.6 | B8 |103{113]|156|17.1
Ik
—
I-1/4 K 3/18 E 9.0 [10.0| £1.2{ 122|145/ 15.9| 33 5| 25.7
)
I-0/2X1/8 Ir.: 74| 8492 | 10.2)12.0) 131 | t8.& |20
D
L]
1172 X 3718 E 1 IRS[ 13T 151 18,1 ] 196 | 28,0 (B
| 1]
1-3/4 X 3./ 18 I" T2Z7E14 T 18T 17,0 | 20,9 22,7 32.5 | 34.4
I 17
] o74] oor | 4G0| 059 | 344 | 263 | OB
2X 316 ';D 1$ .I‘Ei".l' tiﬁ 1;;; Igﬁg I.-ESE- %g IEEASE A RN IR A Fa i LR EE R RS
| 1 e - =T e R L e S
u B53 TS5 592 505 435 133 263 | | 1
21/4K308 | iTan | 1590 | 19| 1ean| deaa | 1352 | jlad [MES|I7A| 198 202|265 275 ]01.3 (432
D 190 | 20| 2re| arp| 373 a8d| 617 | | |
B 1053 l‘i.'-"l'.l 731 a3 537 411 325 ! | |
212X 3718 E’ gﬂg f% ﬁ% ﬁg I'ﬂ lg:g ]ﬁg 17.5[ 190 21.8) 23,3 | 29.2| 30,7 [45.6[47.5
1) Az | o7 | Taar| o | En| sk SsE| | I

canversion Bctor (DEFLECTION REMAIMS CONSTANT)

MOTE: WHEN SRATIMGE WITH SERRATED BEARING BARS ART SELECTED, THE DEPTH OF GRATING REQINRTD T SERWALE A SPECIRIED LOAD WWL BE 1 /9 GREATER THAN TIAT SHOWN MW THE TABLES ABODVE

CONVERSION TABLE

The loads shown above are for type 194 and 192 gratings. To determine the ol canying capacity foo altemmative bar spacings, multiply the loads given by the following

FOR TYPES 15-4 AND 15-2: |26  FOR TYPES 10-4 AND 11-2: 172 FOR TYPES 74 AND 7-2 2.71

For gpans 607 amd over.

ted 1o thee severest ol the foflowing: {1 the uniform loads below; (2] under concentrated mid-span

SELECTION GUIDE: 19-4 PLAIN SURFACE GRATING

For deflection of not oweee than 1)4" when 3
Boadds of 300 B up to &-0° span; or (3} 400 [

| e 0 L 4 6 | 5 b #-0 4" ] e | & -0~
50 1% I8 1% 153 1% L& | Fxdfa | I-1ax 1E | -4 el 1-12 x '_'|I'|i|-7\|'-| L | iﬂil-{l‘-.‘l.‘lh 2x 318 2-104 x Zi'la
75 | 1xuE LS1B | Ll | %516 | LU4x1a | Li4adis] LLZa Hi6| 134 £ 316| Li4 L 316| %3716 |TH4x36
100 I1xLR 1% 14 I -1z 3 | 114 s WA 1-1/E x '-_|I'|:|-§'-|\.1."|-'l=|-"=.'-|‘- 116 | 2-1M4 3 316 2-102 x 316
125 1xlE | 1x1m ' [T s alie] LUz 16| LUZ s 316 | 154 s 3/16] 2306 |Zldadie] -
150 1% LK 1'% 14 (R0 -] 1145 008 | -0 AN - s A L34 x 306 2x3fe | 2x3M1% | 2123316 3
200 1% LR % U8 | -1 % I | 1-lda H16] 1-0/2 % 316] 13+ a 316 | LA 36| Zxa06 |Zl4adla - =
-sﬂﬂ 1zl :\“_ Ix LA 1 x 3k -4 x !'l!lil-l'_'l. 1 |!li -3 x 316 2x 314 Txals 2-|-|J..|.'|-'-EE-|-_"\. 16 - -
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Anchorage Summary - Hilti Epoxy Anchor Option

Anchor Bolt w/
at least

(1) HH top nut
& washer

Grout as req'd\ |

/ 3/8" Gusset (SS304)

— 3/4" thk base plate
// (SS304)

0

Anchor Bolt Summary

Min Embedment

\

Hilti HIT RE 500-SD
threaded rod anchor

— Existing 12" thick
concrete vault wall

Use (12) - 0.75 inch diameter threaded rod Anchor Bolts Around Base Plate

Material = ASTM F593 CW2 (316)

(Recommended min) Projection above concrete =

(threaded rod)

Min Edge Distance = 6.0 in (all sides of all anchor bolts)

Min Concrete f'. = 4000 psi

3 in + grout thickness (if this vessel is grouted)
Min Embedment = 6.0 in
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Tank Anchorage (Hilti Epoxy Anchors)

Check Anchor Bolts per IBC 2012 "Strength Design", ACI 318-11, Appendix D & Hilti ESR-2322.

Trial Input Data

Bolt diameter (d,) = 0.750 in dia.
Bolt material = ASTM F593 CW?2 (316) (threaded rod)
Yield strength of bolt material = 45 ksi
Bolt embedment depth (hg) = 6 in
Minimum bolt edge distance (c,) = 6 in
Cross-sectional area of bolt (Ay) = 0.44 in?
Tensile stress area of bolt (Ag.) = 0.334 in?
Minimum root area of bolt (A,) = 0.302 in?
Minimum Concrete f,' = 4000 psi
Seismic overturning moment (M) = 16.91 ft-k
Seismic Base Shear (V) = 9.66 k
Empty wt. of tank = 7.5k
Full wt. product & tank (Wy) = 32.8 k
Seis. pullout for IBC strength level equations = 1.0E.,, - 0.6D = 0.01 k/bolt
Where: Ension = 0.50 k/bolt
D= 0.81 k/bolt
Seismic shear used in IBC strength level equations = 1.0E, = 1.21 k/bolt

(conservatively ignore resisting friction due to weight of tank & product)

Total strength level design pullout (N,) = 0.01 k/bolt
Total strength level design shear (V,) = 1.21 k/bolt

Per IBC 2012 Anchor Bolts are Acceptable If:
Anchor bolt tensile strength is greater than factored tension load: N, > N,

and anchor bolt shear strength is greater than factored shear load: ¢V, >V,

And if interaction checks are satisfied (see loads below):
Case 1) Steel strength: Ny /ONg + V[V, = 0.118 <1.2--0K
Case 2) Concrete breakout: Ny/ONgp + VIOV, = 0.284 <1.2--0K

Therefore Anchors are OK per Interaction Checks
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Tank Anchorage (Hilti Epoxy), cont.

Check anchor bolt tension:
Check following cases: 1) Steel strength of anchor in tension: ¢Ng > N,

2) Concrete breakout strength of anchor in tension: N, > N,
3) Pullout strength of anchor in tension: $Np, > N,
4) Concrete side-face blowout strength of anchor in tension: ¢Ng, > N,

Factored seismic uplift load per bolt (N,) = 0.01 k (see above)

Case (1): Steel strength of anchor in tension: $Ng > N,

ONg = QAT = 1856 k > 0.01k--OK
Where: ¢ = 0.65
fo= 85.5 ksi
ESR-1682 Test Results (for reference only): 1239k > 0.01k--OK

Case (2): Concrete breakout strength of anchor in tension: ¢N, > N,

Ny = ((I))(ANc/ANco)(Wed,N)(Wc,N)(ch,N)(Nb) = 9.99 k > 0.01k--OK

Where: ¢ = 0.65

Ane = 225 in?

ANco = 9hef2 = 324 in2
Wean = 0.74(0.3¢)/(1.5h¢) = 1.0
WeN = 14
WepN = 1.0

N, = k(Fo) (hen)™® = 15.8 k

k= 17

Case (3): Pullout strength of anchor in tension (see Hilti ESR-2322,4.1.4):

®Na = (0)(Ana/Anao)(@PpnaNao) = 1438 k > 0.01k--OK
Where: ¢ = 0.65
PpNa = 1.4
Ana = 245 in?
Anao = 245 in?
N, = T dhes = 15.80 k

Case (4): Concrete side-face blowout strength of anchor in tension: ¢Ng, > N,

ONgp = $160C(Apg)*°(F)*® = N/A k
Equation does not apply since bolts are post-installed & not headed.
Since edge distance is 6 in, side blowout is not an issue
(ref. edge distance requirements in Hilti data sheets).

Therefore Anchors are OK for Tension Loads
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Tank Anchorage (Hilti Epoxy), cont.

Check anchor bolt shear:
Check following cases: 1) Steel strength of anchor in shear: ¢V >V,

2) Concrete breakout strength of anchor in shear: ¢V, >V,
3) Concrete pryout strength of anchor in shear: ¢V, >V,

Factored seismic shear load per bolt (V,) = 1.21 k (see above)

Case (1): Steel strength of anchor in shear: $Vs >V,

Check #1: OV = $0.6Af, = 1028 k > 1.21k--OK
Where: ¢ = 0.60
fue= 85.5 ksi
Check #2: oV = 1024 k > 1.21k--0OK
Where: V, = 17.06 k (see Hilti ESR-2322, Table 7)
ESR-1682 Test Results (for reference only): 6.38k > 121k--OK
Case (2): Concrete breakout strength of anchor in shear: ¢V, >V,
OV = (0)(Avc/Avco) (PeavPevVb) = 4.27 k > 1.21k--OK
Where: ¢ = 0.60
Ay = 135 in? (based on min dim's)
Ayo= 162 in?
Pedv = 1.0
Pecy = 1.0
Vi = 7(1d,)**(do) (') 2(c0) ™ = 8.5 k
L= 6.0 in

Case 3) Concrete pryout strength of anchor in shear: ¢V, >V,

Check #1: ¢ch = ((I)kcchb) =
Where: ¢ =

Kep =

Nep = ONep/p =

Check #2: ¢ch = ((I)kcpNa) =

N, = (ANa/ANao)((PpNaNao) =
Nao = TkertdhNer =

Tker =

(PpNa =

ANao =

18.44 k
0.60
2.0
15.4
26.55 k
2212 k

15.80 k
1.12

1.00
245 in?
245 in?

> 1.21k--OK

> 1.21k--OK

Therefore Anchors are OK for Shear Loads
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